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 ???? ID L* a* b* ?E*ab ???? 
0 44.6 -16.95 6.01 0 4.8G 4.3/3.3 
1 33.85 -0.82 -1.38 20.74 7.6B 3.3/0.4 
2 28.92 1.23 0.76 24.57 8.5R 2.8/0.2 
3 33.33 -2.53 1.58 18.83 1.4G 3.3/0.6 
4 43.64 -11.18 2.39 6.88 8.0G 4.2/2.2 
5 30.62 -2.73 0.24 20.76 0.3BG 3.0/0.7 
6 50.32 -14.98 3.34 6.62 7.9G 4.9/2.8 
?
?
?
?
7 41.86 -15.51 4.98 3.26 5.5G 4.1/3.0 
0 29.44 4.91 -22.76 0 5.8PB 2.9/5.0 
1 37.61 -2.17 -2 23.4 4.1B 3.7/0.7 
2 30.81 0.23 -0.69 22.6 8.0PB 3.0/0.1 
3 28.72 1.76 -11.85 11.37 5.4PB 2.8/2.4 
4 30.45 -2.59 -0.17 23.83 2.7BG 3.0/0.6 
5 30.41 -1.27 -6 17.89 1.2PB 3.0/1.3 
6 32.07 0.32 -11.68 12.27 4.0PB 3.1/2.4 
?
?
?
7 31.1 4.12 -22.61 1.84 5.6PB 3.0/4.9 
0 30.37 7.75 -22.7 0 7.1PB 3.0/5.0 
1 39.07 0.7 -8.75 17.89 4.8PB 3.8/2.0 
2 31.56 1.12 -5.27 18.69 6.3PB 3.1/1.0 
3 37.15 7.33 -25.29 7.27 6.7PB 3.6/5.9 
4 32.88 8.58 -23.6 2.79 7.3PB 3.2/5.3 
5 40.95 0.45 4.33 29.94 1.8Y 4.0/0.6 
6 47.82 -0.79 2.67 31.96 8.9Y 4.6/0.4 
?
?
?
?
?
?
7 32.79 8.43 -24.5 3.09 7.1PB 3.2/5.5 
0 27.41 0.34 0.08 0 N2.7 
1 29.1 -0.12 0.88 1.92 5.9Y 2.8/0.1 
2 29.84 0.64 -0.32 2.47 0.6RP 2.9/0.1 
3 31.92 -0.71 1.66 4.89 1.4GY 3.1/0.3 
4 35.64 0 2.08 8.48 3.7Y 3.5/0.3 
5 28.05 0.98 0.01 0.91 7.8RP 2.7/0.2 
6 27.93 0.58 0.62 0.78 3.2YR 2.7/0.1 
?
?
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0 41.25 28.62 25.89 0 9.9R 4.0/7.2 
1 47.99 36.5 35.46 14.11 9.7R 4.7/9.6 
2 43.61 26.17 22.8 4.6 9.5R 4.2/6.5 
3 43.55 27.29 25.8 2.66 0.1YR 4.2/7.0 
4 48.03 38.03 37.11 16.13 9.7R 4.7/10.0 
5 43.2 26 23.77 3.9 9.9R 4.2/6.6 
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?
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2 32.75 5.51 4.04 27.11 9.6R 3.2/1.1 
3 34.81 19.28 13.51 11.09 8.6R 3.4/4.3 
4 32.53 4.62 3.3 28.27 9.4R 3.2/1.0 
5 33.33 14.48 8.66 17.81 7.5R 3.3/3.0 
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2 49.23 -11.62 5.73 15.13 3.4G 4.8/2.3 
3 50.35 -27.11 3.13 15.17 9.8G 4.9/5.3 
4 56.57 -19.14 8.58 20.27 3.6G 5.5/3.6 
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0 74.38 -0.02 0.23 0 N7.3 
1 49.78 0.45 4.07 24.9 1.4Y 4.8/0.6 
2 49.59 -0.43 4.18 25.1 4.7Y 4.8/0.6 
3 73.03 0.15 -0.16 1.41 5.5P 7.2/0.1 
4 71.38 -0.42 3.18 4.22 4.7Y 7.0/0.4 
5 61.52 -0.35 3.91 13.38 4.2Y 6.0/0.5 
6 70.94 -0.04 1.31 3.6 2.4Y 6.9/0.2 
?
?
?
?
?
?
7 47.32 -0.18 2.13 27.12 1.8Y 4.6/0.3 
0 28.31 8.83 -19.03 0 8.4PB 2.8/4.2 
1 30.33 -0.03 -16.29 9.49 3.5PB 3.0/3.5 
2 35.25 0.24 -24.5 12.33 3.6PB 3.4/5.6 
3 27.18 14.83 -29.34 11.99 8.2PB 2.7/6.9 
4 27.84 6.69 -22.55 4.15 6.5PB 2.7/5.0 
5 25.97 10.17 -23.49 5.22 7.7PB 2.5/5.3 
6 26.93 10.12 -22.18 3.67 8.1PB 2.6/5.0 
?
?
?
?
7 36.63 4.78 -10.13 9.92 8.8PB 2.6/2.1 
0 63.86 6.11 60.2 0 2.1Y 6.2/8.9 
1 45.25 28.03 33.98 38.92 1.8YR 4.4/8.0 
2 49.16 30.12 35.09 37.72 1.2YR 4.8/8.5 
3 59.23 12.2 53.98 9.86 9.7YR 5.8/8.6 
4 43.47 29.92 30.96 42.87 0.6YR 4.2/8.0 
5 61.47 5.53 55.67 5.03 2.1Y 6.0/8.2 
6 64.77 3.76 57.95 3.37 2.8Y 6.3/8.4 
?
?
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?
7 59.69 5.14 51.06 10.09 2.2Y 5.8/7.5 
0 58.48 13.76 24.71 0 4.7YR 5.7/5.0 
1 66.29 -3.48 14.81 21.36 8.0Y 6.5/1.9 
2 67.16 1.02 7.07 23.43 0.3Y 6.6/1.0 
3 47.9 11.66 19.91 11.8 4.9YR 4.6/3.9 
4 54.16 16.21 30.05 7.29 5.0YR 5.3/5.8 
5 45.86 24.63 29 17.2 1.7YR 4.4/6.9 
6 43.47 22.63 24.23 17.53 1.2YR 4.2/6.1 
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?
7 48.86 21.54 31.1 13.93 3.3YR 4.7/6.7 
0 28.44 3.05 -2.14 0 8.3P 2.8/0.6 
1 60.81 6.83 5.22 33.41 8.3R 5.9/1.9 
2 53.86 21.26 -9.19 32.05 0.8RP 5.2/5.5 
3 33 15.42 -12.62 16.85 6.5P 3.2/3.8 
4 35.93 17.19 -11.75 18.66 8.1P 3.5/4.2 
5 29.83 4.68 -2.55 2.19 0.2RP 2.9/0.9 
6 28.52 8.27 -6.42 6.75 7.2P 2.8/1.8 
?
?
?
?
?
7 31.54 13.37 -12.24 14.77 5.5P 3.1/3.3 
0 32.7 18.98 7.56 0 4.2R 3.2/3.8 
1 36.53 16.93 9.31 4.69 6.4R 3.5/3.6 
2 33.72 17.7 8.62 1.95 5.5R 3.3/3.7 
3 33.83 25.06 11.1 7.12 4.8R 3.3/5.3 
4 33.25 20.31 9.23 2.2 5.0R 3.2/4.2 
5 32.96 25.33 11.37 7.41 4.9R 3.2/5.4 
6 35.43 28.21 12.03 10.62 4.4R 3.5/6.1 
?
?
?
?
7 33.63 20.94 8.06 2.22 3.9R 3.3/4.3 
0 27.11 1.38 -0.58 0 1.7RP 2.7/0.3 
1 23.89 2.89 -1.89 3.79 9.1P 2.3/0.6 
2 28.74 1.25 -1.64 1.95 2.9P 2.8/0.4 
3 24.06 2.59 -1.78 3.5 8.7P 2.3/0.5 
4 23.41 2.37 -1.93 4.06 7.1P 2.3/0.5 
5 25.59 2.07 -0.71 1.68 2.9RP 2.5/0.4 
6 25.55 1.2 -0.59 1.58 1.0RP 2.5/0.2 
?
?
?
?
?
7 40.12 0.29 1.63 13.24 0.7Y 3.9/0.2 
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Effects of Acidic Solution, Alkalic Solution and Formalin  
on Some Pigments Used in Japanese Paintings 
Chie SANO, Yoko FUKUOKA and Misao OHNO?
Direct treatment of paintings by acidic/alkalic/oxidative/reducing agents is rarely executed. 
However, paintings stored in specific high humid conditions, like mural paintings of 
Takamatsuzuka Tumulus, are often attacked by fungi and are treated directly by reagents for 
sterilization and sanitation. In this report, effects of chemical reagent solutions on some 
pigments used in Japanese paintings are studied. 
Sodium hydroxide and potassium hydroxide were selected because these two reagents are 
often mixed with sanitation goods commercially available for household use. Calcium hydroxide 
was also tested because it is a major component of the white plaster wall in Takamatsuzuka and 
Kitora Tumuli. Ammonium solution was also tested. In the case of acidic solution, formic acid 
and acetic acid were selected because these two reagents are always formed from formaldehyde 
and detected in formalin. Formalin, which is a major reagent for sterilization in the tumuli 
described above, was also selected.  
Experiments were done as follows: each pigment powder after washing was dipped into a 
reagent solution and the color change was observed. After one month, each tested pigment 
powder was mixed with glue and was made into a sample piece. Color difference dE was 
measured after one month by Color Analyzing System/UV-VIS-NIR Spectrophotometer 3101 –PC, 
Shimadzu Corporation. 
The experiment made it clear that hydroxides decomposed many pigments and that 
formalin itself rarely causes discoloration of pigments but that coexistent formic acid causes 
decomposition of many pigments like malachite, azurite and ultramarine. It was also made clear 
that some chemical reagents harmed some pigents. This is why chemical analysis of art objects 
should be done bofore treatment. It is also important to keep an art object under good condition 
to prevent biodeterioration. 
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